Abstract. T-helper (Th) 0 cell differentiation into Th1 or Th2 cells is dependent on a number of transcription factors that act at specific time points to regulate gene expression. Th17 cells, a subset of interleukin (IL)-17-producing T cells distinct from Th1 or Th2 cells, are considered to exhibit a critical function in inflammation and autoimmune diseases, as well as cancer development. In the present study, the expression of Th1-, Th2-and Th17-associated cytokines in laryngeal cancer and pericarcinoma tissues obtained from 57 laryngeal carcinoma patients was investigated. The association between Th1, Th2 and Th17 infiltration and tumor development was also evaluated. Reverse transcription-polymerase chain reaction and western blotting results revealed that the mRNA and protein expression of Th2 cytokines was lower, while the expression of Th1 and Th17 cytokines was higher in tumor tissues than in pericarcinoma tissues. Furthermore, the early stage cancer patients exhibited a higher level of interferon-γ, IL-2 and IL-17 mRNA expression than those at advanced stages. Cancer tissues exhibited higher Th17 cytokine expression than pericarcinoma tissues. By contrast, Th1 cytokine expression was increased in pericarcinoma tissues compared with cancer tissues. These results indicate that high expression of Th1-and Th17-associated cytokines in laryngeal carcinoma may contribute to suppression of cancer development and a relatively good prognosis.
Introduction
Cancer progression is a complex process that involves host-tumor interactions, which occur via multiple molecular and cellular factors within the tumor microenvironment (1) . Previous findings have shown that inflammation contributes to the proliferation, migration and survival of cancer cells, which may lead to tumor invasion and metastasis (2) (3) (4) (5) . However, inflammation in the tumor microenvironment is an important component of the tumor-associated immune response. Inflammatory cells and molecules may function to initiate and maintain tumor immunity (6, 7) . Cluster of differentiation (CD)4 + T-helper (Th) cells, as a highly heterogenic and plastic population, exhibit a critical function in tumor immunological responses (8) . CD4 + Th cells are classified into 4 subtypes, Th1, Th2, Th17 and T regulatory (T reg) cells, according to their distinct cytokine repertoire, which governs the overall immune response via an intricate network (9) . Th1 cells produce interferon (IFN) γ, interleukin (IL)-2, IL-12 and tumor necrosis factor α cytokines, which are involved in the cell-mediated pro-inflammatory response. Th1-associated cytokines exhibit potent anti-tumor effects by activating CD8 + cytotoxic T lymphocytes and natural killer (NK)-mediated cytotoxicity, as well as upregulating major histocompatibility complex expression on antigen presenting cells. Conversely, Th2 cells secrete IL-4, IL-5, IL-6, IL-10 and IL-13 cytokines, which mediate anti-inflammatory humoral response and immune suppression via the inhibition of Th1 cytokine production (10) . Th17 cells are characterized as IL-17-producing CD4 + T cells, which also produce IL-21, -22 and -26 (11, 12) . It has been demonstrated that the retinoid orphan nuclear receptor is a key regulator of Th17 cell lineage differentiation (13) . Furthermore, Th17 cells are hypothesized to exhibit a critical function in the development of auto immunity and allergic reactions (14, 15) . TGFβ1, a member of the TGFβ family that is predominantly secreted by Tregs, is another multi-functional cytokine. It promotes tumor progression by inducing mesenchymal transition, tumor escape by antagonizing IL-2 functions and inducing immune suppression (16, 17) , tumor invasion and metastasis (18) .
Laryngeal cancer represents one of the most common head and neck malignancies, accounting for ~20% of all cases. The vast majority of tumors are squamous cell carcinomas (19 the important physiological functions of the larynx, advanced laryngeal lesions are associated with significant morbidity and mortality for the patient and increased financial costs for society (20, 21) . When patients experience postoperative recurrence and/or distant metastasis, it is not sensitive to radiation and chemotherapy. This results in a poor prognosis (22) . In the present study, the mRNA and protein expression of Th1-, Th2-and Th17-associated cytokines was analyzed at the tissue level by reverse transcription-polymerase chain reactions (RT-PCR) and western blot analysis to investigate the function and clinical significance of Th1, Th2 and Th17 cells in laryngeal carcinoma and their involvement in laryngeal carcinoma pathogenesis.
Materials and methods
Patients. The present study included 57 patients with a mean age of 54.2±10.25 years (range, 37-73 years) who were histologically diagnosed with laryngeal carcinoma and 7 throat injury patients, with a mean age of 45.1±10.35 years (range, 32-61 years), that served as age-and gender-matched controls. The patients were recruited at The Second Hospital of Shandong University (Jinan, China) between March 2011 and December 2014. Fresh surgical specimens were collected from patients undergoing surgery for different stages of squamous carcinoma of the larynx. Tumors were staged in accordance with the American Joint Committee on Cancer tumor-node metastasis (TNM) classification (23) . None of the patients had received chemotherapy, radiation therapy or immunotherapy in the 2 months prior to surgery. Control non-neoplastic tissues consisted of samples (~1x1x2 mm sections) from the irregular mucosal edge obtained during tissue repair of the larynx and hypopharynx of the throat injury patients. Cancer tissues and pericancerous tissues were identified by stereoscopy and quick frozen sectioning. Two tissue sections were collected from each patient and snap-frozen for RNA extraction and protein preparation, respectively. Patients presenting with any other chronic disease, such as diabetes, tuberculosis, other malignancies or autoimmune disease at the time of specimen collection were excluded. Similarly, normal controls that had presented with fever or viral infection in the week prior to surgery, were pregnant or had been involved in a recent accident were also excluded from the study.
The protocol of the present study was approved by the Ethics Committee of Shandong University School of Medicine and all participants provided written informed consent. Representative samples of tumors from the larngeal cancer patients and normal control tissues from teh patients with laryngeal trauma were obtained during surgery. The samples were snap-frozen immediately in Eppendorf tubes (1.5 ml) and stored at -80˚C to avoid RNA and protein degradation prior to sectioning for RT-PCR and western blot analysis.
Reagents. The total RNA extraction kit (Transgen Biotech Co., Beijing, China) was prepared at The Second Hospital of Shandong University. M-MLV reverse transcriptase and Taq DNA polymerase were purchased from Promega Corporation (Madison, WI, USA). PCR primers (BioSune Biotechnology Corporation, Shanghai, China) for the detection of IFN-γ, IL-2, IL-4, IL-6, IL-10, IL-17A and β-actin mRNA were designed using the OLIGO Primer Analysis Software, version 5.0 (NBA, 
RT-PCR.
RT-PCR was performed as described previously (24) . Briefly, RNA was extracted from tissues using the guanidine thiocyanate phenol-chloroform method (25) . The quality of the RNA yield was assessed by electrophoresis on a 1.5% agarose gel in 0.5 mol Tris/Borate/EDTA buffer. The optical density of the RNA samples was measured by microplate reader (Thermo Fisher Scientific Inc.) and samples exhibiting an A260-A280 ratio of 1.8-2.0 were used to obtain cDNA. RT-PCR was performed using a RNA PCR kit (Perkin-Elmer, Norwalk, CT, USA). Cellular RNA (1 µg) was reverse-transcribed into cDNA in a reaction mixture containing 5 mmol MgCl 2 , 1 mmol dNTP, 2.5 µmol oligo (dT) primer, 1 unit RNase inhibitor and 200 units reverse transcriptase (M-MLV). Following incubation at 37˚C for 60 min, the reaction was terminated by heating at 95˚C for 5 min. PCR was performed using the forward and reverse primers listed in Table I . The PCR reaction buffer (25 µl) consisted of 2 mmol MgCl 2 , 0.5 µmol of each primer, 1 unit Taq DNA polymerase and 5 µl reverse-transcription product. PCR was performed under the following conditions: Initial denatureation at 95˚C for 5 min, then 33 cycles of 95˚C for l min, 58˚C for l min and 72˚C for l min. Aliquots (15 µl) of the amplified product were then fractionated on a 1.5% agarose gel and visualized by ethidium bromide staining. The band intensity of ethidium bromide fluorescence was measured using NIH/1D Image Analysis Software 1.61 (National Institutes of Health, Bethesda, MD, USA). The relative intensity (RI) of each band was determined according to the following equation: RI = density of target gene/density of β-actin. To exclude the possibility of contamination, reactions containing RT-PCR reagents including cytokine PCR primers without sample RNA were used as the negative control groups.
Western blot analysis. SDS-PAGE and immunoblotting were performed according to standard techniques (24) . Briefly, the prepared tissues were lysed at 4˚C for 30 min in lysis buffer [20 mmol Tris-HCl (pH 7.5), 1% Nonidet P-40, 150 mmol NaCl, 1 mmol ethylenediamine tetraacetic acid, 50 U/ml aprotinin, 1 mmol phenylmethylsulfonyl fluoride and 1 mmol sodium orthovanadate; Beijing Leagene Biotech. Co., Ltd., Beijing, China]. The lysates were centrifuged at 21,100 x g for 20 min at 4˚C to remove nuclei and undisrupted tissues. Protein concentration was determined using Bio-Rad protein assay solution (Bio-Rad Laboratories, Inc., Hercules, CA, USA) with bovine serum albumin as the standard (24, 26) . The protein samples were boiled for 10 min and loaded onto a 14% SDS-PAGE gel followed by electrophoresis for 2 h. The proteins were electrophoretically transferred onto a 0.22 µm nitrocellulose membrane and immunoblotted with monoclonal mouse anti-human IFN-γ, IL-4, IL-17 and polyclonal rabbit β-actin primary antibodies (Santa Cruz Biotechnology, Inc.). After the membrane was washed three times at 5-min intervals in phosphate-buffered saline-Tween 20 (PBS-T), the membrane was subsequently incubated with goat anti-mouse IgG-horseradish peroxidase (HRP) or goat anti-rabbit IgG-HRP (Zhongshan Golden Bridge Biotechnology Co., Ltd.) diluted to 1:5,000 for 1 h at room temperature. After the membrane was washed three times at 5-min intervals in PBS-T, the immunoblots were then visualized using an ImageQuant LAS 4000 chemiluminescence imager (GE Healthcare, Piscataway, NJ, USA).
Statistical analysis.
To determine the levels of Th1, Th2 and Th17 cells in laryngeal carcinoma, data analysis was performed using SPSS 11.5 statistical software (SPSS, Inc., Chicago, IL, USA). Data were presented as the mean ± standard deviation. The paired samples t-test was used to compare differences between laryngeal carcinoma and pericarcinoma tissues. One-way analysis of variance analysis was used to compare the differences between groups at different clinical stages. P<0.05 was considered to indicate a statistically significant difference.
Results

Patient clinicopathological characteristics.
The clinicopathological characteristics of the patient cohort, which included 57 laryngeal carcinoma patients and 7 healthy controls (6 male and 1 female) are shown in Table II . Of the 57 laryngeal carcinoma patients, 54 (94.7%) were male and 3 (5.3%) were female Table I . Primer sequences of Th1-, Th2-and Th17-associated cytokines used for reverse transcription-polymerase chain reaction in the present study.
Product Target gene
Oligonucleotide sequence size (bp)
Th, T-helper; IFN, interferon; IL, interleukin; (F), forward primer; (R), reverse primer; bp, base pairs. Th1-associated cytokine expression is dominant in laryngeal carcinoma. Total RNA of 57 fresh tissues obtained from laryngeal carcinoma patients and 7 mucosal laryngeal tissues obtained from throat injury control patients were prepared. The mRNA cytokine expression profiles from the aforementioned tissues were analyzed by RT-PCR. In the control tissues no lymphomononuclear infiltrates and extremely low expression levels of Th1-, Th2-or Th17-associated cytokines were identified (Fig. 1) . The mRNA tissue expression of the Th1-associated cytokines, IFN-γ and IL-2, was analyzed. The relative intensity of Th1-associated cytokine expression was relatively high in laryngeal carcinoma patients (Figs. 1-3) . Of the 57 laryngeal carcinoma patients, 34 cancer tissues (59.6%) and 38 pericarcinoma tissues (66.7%) expressed IFN-γ mRNA (RI, 0.296±0.264 and 0.318±0.249, respectively; t=1.542; P=0.129) and 33 cancer tissues (57.9%) and 37 pericarcinoma tissues (64.9%) expressed IL-2 mRNA (RI, 0.283±0.262 and 0.309±0.251, respectively; t=2.025; P=0.048). It was found that the expression of Th1-associated cytokines was dominant in laryngeal carcinoma when compared with Th2-and Th17-associated cytokines. Early stage laryngeal carcinoma patients exhibited significantly higher levels of IFN-γ (F=8.868; P<0.01) and IL-2 (F=4.315; P<0.01) mRNA expression than those at advanced stages. Cancer tissues exhibited a lower level of IFN-γ mRNA expression than pericarcinoma tissues, however this difference was not statistically significant. Cancer tissues exhibited a significantly lower level of IL-2 mRNA expression than pericarcinoma tissues (P<0.05).
Th2-associated cytokines are expressed at low levels in laryngeal carcinoma. The mRNA tissue expression of Th2-associated cytokines, IL-4, IL-6 and IL-10, was analyzed. The expression levels of Th2-associated cytokines were relatively low in laryngeal carcinoma patients (Figs. 1-3) . Of the 57 laryngeal carcinoma patients, 14 cancer tissues (24.6%) and 12 pericarcinoma tissues (21.1%) expressed IL-4 mRNA (RI, 0.088±0.159 and 0.076±0.151, respectively; t=1.516; P= 0.135), 12 cancer tissues (21.1%) and 12 pericarcinoma tissues (21.1%) expressed IL-6 mRNA (RI, 0.071±0141 and 0.068±0.137, respectively; t=1.316; P=0.194) and 19 cancer tissues (33.3%) and 17 pericarcinoma tissues (29.8%) expressed IL-10 mRNA (RI, 0.121±0.177 and 0.106±0.169, respectively; t=1.577; P=0.120). The expression of Th2-associated cytokines increased with clinical stage. Notably, IL-4 expression was significantly higher in stage Ⅳ patients compared with stage Ⅰ + Ⅱ patients (P<0.05). Furthermore, IL-4, IL-6 and IL-10 mRNA expression in cancer tissues was higher than that in pericarcinoma tissues, although no significant differences were identified.
Th17-associated cytokine IL-17A is predominantly expressed in laryngeal carcinoma.
The mRNA tissue expression of the Th17-associated cytokine, IL-17A, was analyzed. The expressing capacity of patients for Th17 cytokines was superior overall when compared with the other cytokines (Figs. 1-3 (B) Representative mRNA expression of Th1-, Th2-and Th1-associated cytokines in tumor tissues and pericarcinoma tissues. The expression of Th1 cytokines was higher than Th2-and Th17-associated cytokines in tumor tissues. The expression of Th2 cytokines in tumor tissues and pericarcinoma tissues was low, however, the expression was higher in tumor tissues than pericarcinoma tissues. Th17-associated cytokine expression was higher in tumor tissues than pericarcinoma tissues (lane 1, tumor tissue; lane 2, pericarcinoma tissue). Th, T-helper; IFN, interferon; IL, interleukin.
A B P= 0.008). Furthermore, patients with early stage laryngeal carcinoma exhibited a lower level of IL-17A mRNA expression than those at advanced stages. Cancer tissues exhibited a significantly higher level of IL-17A mRNA expression than pericarcinoma tissues (P<0.05).
Immunoblotting revealed the protein expression levels of associated cytokines in laryngeal carcinoma. The protein expression of Th1-, Th2-and Th17-associated cytokines was analyzed by western blot analysis. IFN-γ, IL-4 and IL-17 were considered to be Th1-, Th2-and Th17-associated cytokines, respectively. No significant differences were identified between the protein expression of IFN-γ, IL-4 and IL-17A in laryngeal carcinoma and pericarcinoma tissues. Almost no IFN-γ, IL-4 and IL-17 protein expression was identified in the normal control tissues. IFN-γ expression was the highest in laryngeal carcinoma tissues in comparison with IL-4 and IL-17A. IFN-γ expression was higher in early stage (Ⅰ + Ⅱ) patients than advanced stage (Ⅲ + Ⅳ) patients. Notably, the expression of IFN-γ was lower in the cancer tissues than the pericarcinoma tissues. IL-4 expression was extremely low in laryngeal carcinoma and pericarcinoma tissues, whereas IL-17 expression was extremely high in laryngeal carcinoma tissues. Furthermore, the expression of IL-17 was higher in early stage patients compared with advanced stage patients. The expression of IL-4 and IL-17 in cancer tissues was higher than that in the pericarcinoma tissues (Fig. 4) .
Discussion
Head and neck tumors are a significant cause of mortality and are ranked as the sixth most common type of cancer, worldwide (27) . Laryngeal carcinoma is one of the most common types of head and neck tumor and is the second most prevalent tumor of the respiratory tract (22) . Of all the laryngeal tumors, squamous cell carcinoma is extremely common, with an incidence that has been on the increase, from 0.5 to 2.04 cases per millions individuals in recent years, particularly during the era of rapid industrialization in China (28, 29) . Despite novel surgical procedures, chemotherapeutic drugs and advances in the field of radiotherapy over the past 30 years, the overall survival rate of laryngeal carcinoma patients has remained at ~67% (30, 31) . Smoking, alcohol consumption, air pollution and certain occupational factors are considered to be epidemiologically-related factors of the disease (32, 33) . In the present study, all the patients were diagnosed with squamous cell carcinoma and 75.4% patients exhibited lymph node metastasis. A total of 64.9% of patients exhibited advanced stage (III + IV) disease and 70.2% of patients exhibited moderately-or poorly-differentiated tumors. The tumor classification of the patients in the present study was consistent with the literature reported previously (22) . Accumulating evidence has altered the traditional paradigm of Th1/Th2 cytokine classification to include two novel subsets of CD4 + T cells, Th17 and Treg cells, which are characterized by their distinct cytokine profiles (34) (35) (36) . Th17 and Treg cells predominantly produce IL-17 and TGFβ family cytokines, respectively (37) . These cytokines, in combination with other molecules (such as IL-21, IL-23, RORγt and Fox-P3) are involved in a complex, tightly-regulated network that controls immune function. Disruption of this network may lead to immune dysfunction, uncontrolled cell growth, chronic inflammation and ultimately carcino genesis (16) . In the present study, the delicate balance between the three Figure 2 . Relative intensity of Th1-, Th2-and Th17-associated cytokine mRNA expression in laryngeal carcinoma tissues. Th1 cytokines (IFN-γ and IL-2) and Th17 (IL-17A) exhibited the highest levels of expression. Early stage patients exhibited higher levels of IFN-γ, IL-2 and IL-17A mRNA expression than advanced stage patients. In particular, the mRNA expression of IFN-γ and IL-2 in stage Ⅰ + Ⅱ laryngeal carcinoma patients was significantly higher than that of stage Ⅳ laryngeal carcinoma patients. Th2 cytokines (IL-4, IL-6 and IL-10) were expressed at low levels. The intensity of expression of Th2-associated cytokines was lower in early stage patients compared with advanced stage patients. Relative intensity of Th1-, Th2-and Th17-associated cytokine mRNA expression in laryngeal carcinoma tissues and pericarcinoma tissues. Th1 cytokines (IFN-γ and IL-2) and Th17 (IL-17A) exhibited the highest levels of expression. The intensity of IL-17A expression was higher in laryngeal carcinoma tissues than pericarcinoma tissues. The intensity of IFN-γ and IL-2 expression was lower in laryngeal carcinoma tissues than in pericarcinoma tissues. The expression of IL-2 was significantly higher in pericarcinoma tissue compared with laryngeal carcinoma tissue. IL-17A expression was significantly higher in laryngeal carcinoma tissues than in pericarcinoma tissues. Th2 cytokines (IL-4, IL-6 and IL-10) exhibited low expression in both tissues. responses. An imbalance in the Th1/Th2 ratio leads to the development of bacterial and viral infections and is involved in allergic disease and autoimmune disorders (38) . Previous studies have reported that Th1 responses are suppressed and Th2 responses are elevated systemically in colon cancer, lung cancer and melanoma tumor patients, indicating that Th2 cytokines may mediate immunosuppression (39) (40) (41) (42) . Th2-mediated immunosuppression reduces protective cellular immunity and is associated with tumor progression (43) . It is hypothesized that Th1 cytokines exhibit a protective function, whereas Th2 cytokines favor tumor growth. In the present study, the expression of Th1-associated cytokines was dominant in laryngeal carcinoma patient. Early stage laryngeal carcinoma patients exhibited a higher level of IFN-γ and IL-2 mRNA expression than patients at an advanced stage. Cancer tissues exhibited a lower level of IFN-γ mRNA expression than pericarcinoma tissues. Cancer tissues also exhibited a significantly lower level of IL-2 mRNA expression than pericarcinoma tissues. The mRNA expression of Th2-associated cytokines was relatively low in laryngeal carcinoma patients. The mRNA expression of IL-4, IL-6 and IL-10 in cancer tissues was higher than in pericarcinoma tissues, however, no significant differences were identified. We hypothesize that in laryngeal carcinoma, the expression of Th2-associated cytokines is inhibited due to the production of Th1-associated cytokines, particularly at the early clinical stage of the disease, which may explain the increased immune response against tumors observed in these patients. The results of the present study were consistent with those of a report on supracricoid laryngectomy, which showed good management of laryngeal cancer (44, 45) .
Furthermore, Th17 cells that predominantly produce the IL-17 family of cytokines, have gained attention as a novel subset of T cells in the field of tumor biology, however, its specific function remains unclear (37) . IL-17 has been reported to exhibit various effects on tumor progression. Certain studies have indicated that Th17 cells are involved in tissue inflammation via the induction of IL-8, IL-6, cyclooxygenase-2, matrix metalloproteinase (MMP)-1, MMP-3, CXCL1 and nitric oxide synthase-2 release by surrounding cells, such as fibroblasts, macrophages, endothelial and epithelial cells (46, 47) , which are involved in angiogenesis, tumor proliferation (48), invasion and metastasis (49, 50) . By contrast, other studies have reported Th17 cells exhibit an inhibitory influence on tumor growth (51, 52) . Muranski et al (53) reported that Th17 cells eradicated melanoma in a mouse model. Cirée et al (54) demonstrated that IL-17 is upregulated in the T cell lymphomas, mycosis fungoides and Sézary syndrome, and may act as a tumor growth-promoting or -inhibiting factor. In addition, the authors revealed an association between IL-17 expression and polymorphonuclear neutrophil infiltration. This association was also confirmed by Garcia-Hernandez Mde et al (55) , who demonstrated that neutrophils were attracted to the tumor milieu by an IL-17-dependent mechanism and that the depletion of neutrophils resulted in a diminished capacity to control tumor growth. Furthermore, Honorati et al (56) reported that IL-17 increased the susceptibility of osteosarcoma cells to NK cell lysis. It is hypothesized that Th17 cell infiltration is a common characteristic of malignant tumors. In the present study, it was found that patients with early stage laryngeal carcinoma exhibited higher levels of IL-17A mRNA expression than those at advanced stages. Cancer tissues exhibited a significantly higher level of IL-17A mRNA expression than pericarcinoma tissues. Thus, these results indicate that laryngeal cancer patients who exhibit a high expression of Th17-associated cytokines in the tumor microenvironment exhibit a relatively good prognosis.
In the present study, the association between cytokine levels and the clinicopathological characteristics of laryngeal carcinoma patients was investigated. The results indicated 
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that male patients (>50 years) are more susceptible to laryngeal cancer development. However, tumor size, lymph node metastasis and pathological classification were not associated with the expression levels of Th1-, Th2-and Th17-associated cytokines. This may be due to the fact that the majority of patients exhibited advanced stage disease. The present study was limited by the sample size; in particular, the number of early stage (I + II) laryngeal carcinoma patients was small. Thus, future studies involving larger sample sizes are required.
In conclusion, the present study revealed a marked shift towards Th1 (IFN-γ and IL-2) and Th17 (IL-17A) cytokines in laryngeal cancer patients, particularly at the early clinical stage of the disease. Elevated mRNA and protein expression of Th1 and Th17-cytokines was associated with lower clinical stages, while Th2-associated cytokines were more commonly expressed at advanced stages of the disease. The expression levels of Th1 cytokines in cancer tissues were lower than in pericarcinoma tissues, however, the Th17 cytokines were higher in cancer tissues than pericarcinoma tissues. These results may aid with the development of potential biomarkers with high sensitivities and specificities for the treatment of laryngeal carcinoma. The detection of Th1-, Th2-and Th17-associated cytokines may be used to analyze the pathogenesis of laryngeal neoplasms. The results of the present study indicate that Th1, Th2 and Th17 lymphocyte differentiation may exhibit a critical function in the tumor microenvironment, suggesting that adoptive immunotherapy may be developed via modulation of the T-cell population in the future.
